Socioeconomic disadvantage during childhood and adolescence predicts poor mental and physical health and premature death by major medical diseases in adulthood. However, the neural pathways through which socioeconomic factors may exert a developmental influence on health and longevity remain largely unknown. This fMRI study provides novel evidence of a unique relationship between the perception that one's parents had a relatively low social standinga putative indicator of early socioeconomic disadvantageand greater amygdala reactivity to threatening facial expressions. This relationship was not explained by several possible confounders, including sex, ethnicity, dispositional emotionality, symptoms of depression and anxiety, parental education and participants' perceptions of their own social standing. The amygdala expresses marked developmental plasticity and plays instrumental roles in processing emotional information, regulating emotion-related behaviors and orchestrating biobehavioral stress responses throughout life. Thus, these findings may provide insight into the neurodevelopmental pathways impacting socioeconomic disparities in health.
Low socioeconomic status (SES) confers disproportional risk for physical and psychiatric illnesses and premature death by major medical diseases (Adler et al., 1994) . From a life course perspective, social information processing models postulate that lower SES individuals may develop an early sensitivity to social threats, leading to dysregulated forms of emotional control and recurrent biobehavioral stress responses that increase risk for ill health in later life (Chen and Matthews, 2001; Chen et al., 2002; Taylor et al., 2004) . This postulate parallels the notion that risk trajectories for ill health may be developmentally 'embedded' in the brain and in biobehavioral stress-response systems by early and unfavorable socioeconomic circumstances (Hertzman, 1999; McEwen, 2000 McEwen, , 2007 Miller and Chen, 2007) .
Here, we questioned whether such a putative embedding process may be reflected in the functioning of the amygdala, a neural system that expresses stress-related developmental plasticity and that orchestrates biobehavioral responses to salient and threatening social cues (Whalen, 1998; LeDoux, 2000; Pollak, 2005; McEwen, 2007) . To answer this question, we assessed young adults' retrospective perceptions of their parents' social standing as an indicator of childhood and adolescent SES (cf., Adler et al., 2000; Goodman et al., 2007) . This indicator was selected because growing evidence indicates that perceived social standing may be more closely associated with stress-related mental and physical health outcomes than are so-called 'objective' SES indicators (e.g. education, income and occupation; see Discussion section). Using an emotional facial-expression processing task administered during neuroimaging (Hariri et al., 2002) , we then tested whether lower perceived parental social standing predicted greater amygdala reactivity to explicitly threatening (angry) faces, in contrast to ambiguous or nonexplicitly threatening (surprised and neutral) faces. Finally, we tested whether perceived parental social standing predicted amygdala reactivity to threatening faces after accounting for potential confounders, including sex, ethnicity, dispositional emotionality, recent symptoms of depression and anxiety, parental education and participants' perceptions of their own social standing.
METHOD Participants
Participants were 33 consenting right-handed, first-and second-year undergraduates (12 men; M age ¼ 20, s.d. ¼ 1.3; 7 non-Caucasian) who were tested with approval by the University of Pittsburgh Institutional Review Board. None had a lifetime diagnosis or prior or current treatment for any psychiatric disorder or neurological condition.
Study measures
Participants used nine-rung 'social ladders' depicted in Figure 1A to rank each parent's SES during the participants' childhood and adolescence according to income, education and occupational prestige (cf., Adler et al., 2000; Goodman et al., 2007) . Participants used 9-point scales indicating the highest education of each parent (1 ¼ no high school diploma, 9 ¼ doctorate). Resulting maternal and paternal education scores were standardized and averaged to compute parental education scores. To assess potentially biasing traits related to dispositional emotionality, participants completed inventories for self-mastery (Pearlin and Schooler, 1978) , optimism (Scheier et al., 1994) , neuroticism, extraversion and agreeableness (Goldberg, 1992) . To assess depressive symptoms experienced in the past week, participants completed the Center for Epidemiological Studies Depression (CES-D) Scale (Radloff, 1977) . Finally, because of evidence that individual differences in anxiety are particularly associated with amygdala reactivity to emotional facial expressions (Etkin et al., 2004) and because anxiety could bias perceived social standing ratings, we specifically tested whether perceived parental social standing accounted for inter-individual variability in amygdala reactivity to threatening faces above-and-beyond anxiety subscale scores from the Profile of Mood States (POMS) inventory (Usala and Hertzog, 1989) , which assessed anxiety symptoms experienced over the past week. Cronbach's as in the present sample were !0.70 for all inventories.
Amygdala reactivity task
To elicit amygdala reactivity during fMRI, participants performed six blocks of an archival face-matching task interleaved with seven blocks of a shape-matching control task (Hariri et al., 2002) . In both the tasks, participants viewed three luminance-controlled gray-scaled faces or simple geometric shapes for 4 s and selected from two options at bottom that matched a center target. Facematching blocks consisted of six randomized, non-repeating trials (three females, three males), each depicting angry, surprised or neutral expressions (NimStim database; http:// www.macbrain.org/resources.htm). Angry, surprised and neutral blocks were pseudorandomly presented twice, with blocks of the same expression never administered sequentially. Task accuracy exceeded 99%.
Data analysis
Brain imaging data were preprocessed and analyzed using statistical parametric mapping software (SPM2; see Supplementary Methods, available at http://scan.oxfordjournals. org). Following preprocessing, general linear models employing canonical hemodynamic response functions estimated blood-oxygen level-dependent activation for each individual. Linear contrasts then determined expression-specific effects (Angry > Shapes, Neutral > Shapes, Surprise > Shapes). Resulting contrast images were next submitted to three regressions in SPM to determine inter-individual relationships between expression-specific amygdala reactivity and perceived parental social standing. The amygdala was targeted as a region-of-interest using a standard bilateral anatomical mask (Maldjian et al., 2003) . Type-I error in the amygdala was controlled using a family-wise error-rate (FWE) threshold (P < 0.05). Subsequently, two-step hierarchical regressions tested whether perceived parental social standing scores predicted extracted amygdala reactivity values above-and-beyond potential confounders.
RESULTS
Parental social standing and amygdala reactivity to threat Lower perceived parental social standing predicted greater amygdala reactivity to angry faces (left amygdala x, y, z 
Specificity of the association between parental social standing and amygdala reactivity We assessed the specificity of the relationship between perceived parental social standing and amygdala reactivity in two ways. First, we executed a whole-brain analysis that tested for areas of increased activation to Angry faces (Angry>Shapes) at a whole-brain threshold of p FWE < 0.05 (see Supplementary Table 1 , available at http://scan. oxfordjournals.org). We then used the coordinates for the area of peak activation from the Angry > Shapes contrast in the middle occipital gyrus of the visual cortex (24, À96, 0) to define a 6 mm control region-of-interest. We found that perceived parental social standing was not associated with activation in this visual processing region, even at a lenient threshold within the small-volume search area (p uncorrected < 0.05, k ¼ 0). Second, we executed another supplementary whole-brain regression analysis that revealed no associations between perceived parental social standing and activation to angry faces outside the amygdala (p FWE-whole brain < 0.05).
Failure of confounders to explain the association between parental social standing and amygdala reactivity Lower perceived parental social standing continued to predict greater amygdala reactivity to angry faces in twostep hierarchical regressions controlling for sex, ethnicity, self-mastery, optimism, neuroticism, extraversion, agreeableness, depressive symptoms, parental education and participants' perceptions of their own social standing in step 1 (left amygdala step-1 R Figure 1 ; see Supplementary Tables 2-4 for univariate correlations and regression summaries, available at http:// scan.oxfordjournals.org). Moreover, lower perceived parental social standing predicted greater amygdala reactivity to angry faces in two-step hierarchical regressions that specifically controlled for recent levels of anxiety, as assessed by the POMS [left amygdala step-1 R 2 -adj. ¼ 0.14, P ¼ 0.02;
Finally, we found no associations between amygdala reactivity and current employment status (employed, unemployed) or annual income in this sample of full-time college students (see Supplementary Table 2) .
DISCUSSION
This study provides novel evidence that a retrospective measure of lower perceived parental social standing, a putative indicator of socioeconomic disadvantage during childhood and adolescence, is uniquely associated with greater amygdala reactivity to threatening (angry) facial expressions. This association was observed among healthy individuals who had not yet reached their adult SES, and it was not explained by several potential confounding factors. As such, this association may provide insight into the possible neurodevelopmental pathways that could plausibly link early life experiences to socioeconomic gradients in mental and physical health. An individual's socioeconomic position delimits access to material goods and resources and it can define several dimensions of interpersonal relationships throughout the life (Adler et al., 1994; Ben-Shlomo and Kuh, 2002) . Longstanding epidemiological evidence further indicates that disparities in income, education, occupation and other conventional socioeconomic indicators account for a substantive proportion of the variance in all-cause and diseasespecific morbidity and mortality rates, as well as the prevalence of risk factors for chronic medical conditions and stress-related psychiatric disorders (Adler et al., 1994) . That ill health and premature death vary with lower socioeconomic position cannot be entirely attributed to material deprivation, illiteracy or restricted availability of quality health care (Adler et al., 1994; Marmot, 2004; Sapolsky, 2004) . Hence, several theoretical perspectives on SES-related health disparities posit that subjective experiences inherent to socioeconomic position could aggregate throughout life to influence well-being and disease risk, particularly through stress-related pathways (Adler et al., 2000; Marmot, 2004) . In support of such perspectives, individuals who subjectively rank themselves as occupying Potential embedding of social standing SCAN (2008)a lower socioeconomic position than others on visual ladders depicting hierarchical rungs of SES report poorer health (Adler et al., 2000; Singh-Manoux et al., 2005; Goodman et al., 2007) , show dysregulated neuroendocrine stress responses (Adler et al., 2000) , and even have a greater susceptibility to the common cold (Cohen et al., 2008) . Furthermore, because associations between rank-related indicators of perceived social standing and health outcomes largely persist after accounting for so-called 'objective' socioeconomic indicators (e.g. income, education and occupational characteristics), perceived social standing appears to capture unique variability in health status and risk for ill health.
A particularly important facet of low perceived social standing is thought to be the internalized distress that could accompany the recurrent experience of daily financial hardships, a sense of insecurity regarding future prosperity, and the possible demoralizing feelings of marginalization or social exclusion attributable to a person's self-judgment of comparative social, occupational or material disadvantage (Adler et al., 2000; Marmot, 2004) . In addition, subjective rankings of social standing are thought to capture finer gradations of relative weightings of individual SES components than do objective indicators themselves. For example, consider that the objective SES indicator variables 'years-of-education' and 'educational attainment' do not take into account the prestige of different educational institutions (e.g. community colleges vs Ivy League universities). But, respondents may assign differential weightings to 'education' when judging their own or their family members' social standingdepending on the institutions attended (Cohen et al., 2008) . Also, different individuals may place a greater emphasis on different dimensions of SES (e.g. wealth over education) when judging their own social standing. As such, a differential weighting of SES components may not only track finer gradations of perceived social standing, but also contribute systematically to inter-individual variability in subjective social ladder rankings in the context of relative homogeneity in so-called 'objective' levels of SES (e.g. as reflected in this young sample of first and second year college students).
In parallel to adult epidemiological evidence on SES and health, emerging evidence indicates that individuals who develop in lower SES environments are at risk for poorer health when they reach adulthood, regardless of the SES they achieve as adults (Poulton et al., 2002; Cohen et al., 2004; Galobardes et al., 2006; Evans and Kim, 2007; Melchior et al., 2007; Kroenke, 2008) . This evidence supports the notion that stressful early life experiences, perhaps occasioned by lower SES environments, may negatively influence later health by altering developmental risk trajectories (Repetti et al., 2002; Taylor et al., 2004; Lupien et al., 2005; McEwen, 2007) , a process recently referred to as psychobiological 'embedding' (Hertzman, 1999; Miller and Chen, 2007) . Indeed, children and adolescents from lower SES backgrounds are more likely to be exposed to violence, residential crowding, environmental noise and toxins, unfavorable housing conditions and conflict-laden family environments than those from higher SES backgrounds (Repetti et al., 2002; Taylor et al., 2004; Evans and Kim, 2007) . In view of such exposures, a postulate is that maturing in unsafe, unpredictable or otherwise stressful conditions inherent to lower SES environments may consequently impair the development of stress regulatory systems and bias an individual's processing of social and emotional information by increasing vigilance and sensitivity to potential social threats in early and later life (Chen and Matthews, 2001; Repetti et al., 2002; Taylor et al., 2004; Evans and Kim, 2007) . In line with this postulate, the current findings suggest that increased sensitivity to threatening information among individuals who report themselves to be from lower SES backgrounds may be expressed as greater amygdala reactivity to explicitly threatening (angry) facial expressions.
It is well established that the amygdala is an instrumental component of the neural circuitry that gauges the emotional salience of social and environmental information (LeDoux, 2000) . Hence, the amygdala is especially sensitive to social cues, such as facial expressions, that vary in their depicted emotionality (Whalen, 1998) . In addition, the amygdala plays a critical role in regulating the neuroendocrine and autonomic stress-response axes (McEwen, 2007) . Particularly noteworthy in the present context, cell groups in the amygdala show marked neural plasticity as a function of early life stress, which may influence adult sensitivity, resiliency and reactivity to life stressors and associated risk for ill health (Gunnar and Quevedo, 2007; McEwen, 2007) . Therefore, it is possible that increased amygdala reactivity to angry or otherwise threat-related facial expressions could represent a neural correlate of a so-called developmental 'embedding' of early SES-related experiences that influence sensitivity to perceived social threats.
On balance, however, our inferences regarding parental social standing and amygdala reactivity to threatening facial expressions are restricted by several study limitations. First, the relationship between retrospective reports of parental social standing and amygdala reactivity might be confounded by dispositional biases in emotionality. However, we controlled for several potential confounders, including dispositional traits related to self-mastery, optimism, neuroticism, extraversion and agreeableness. We also controlled for symptoms of depression and anxiety and the participants' ratings of their own social standing. Second, we did not formally or prospectively assess early maltreatment, neglect or other adverse early life experiences at the level of the family, which could be prevalent among lower SES households and plausibly influence amygdala reactivity (Pollak, 2005; Teicher et al., 2003; Taylor et al., 2006) . However, if such adverse early experiences per se were to explain the association between parental social standing and amygdala reactivity, then these experiences would arguably seem to operate via pathways that do not involve influencing individual differences in dispositional emotionality and symptoms of depression and anxiety, because these individual differences were accounted for in our analyses. Third, our participants were all university students, mostly ethnically homogenous, and had parents who were relatively well-educated. These participant characteristics necessarily constrain extrapolations to more representative populations with greater ethnic and socioeconomic diversity. Fourth, due to the cross-sectional nature of our study and the retrospective assessments of parental social standing, which encompassed a diffuse developmental period ('childhood and adolescence'), the causal directions of association are uncertain, as are the possible effects of upward and downward shifts in familial social mobility during critical or sensitive developmental periods. Finally, it could be argued that there is an empirical basis for expecting a possible association between perceived parental social standing and amygdala reactivity to surprised and neutral facial expressions. This expectation is based on prior work showing that objective SES indicators are associated with perceptions of social threat in situations with ambiguous outcomes, but not in situations with explicitly threatening or negative outcomes (Chen and Matthews, 2001; Chen et al., 2004) . To the extent that surprised and neutral faces are conceptually similar to ambiguous information (Whalen, 1998) , our null findings could seem unexpected. In view of these limitations and interpretive caveats, it will be important to determine the multilevel and likely multidimensional factors that proximally link early life SES with amygdala processing of and reactivity to social and emotional information that range in threat-related ambiguity, particularly in the developmental context of psychological and physical well-being.
To conclude, we note that lower adult perceived social standing has recently been associated with reduced gray matter volume in the perigenual anterior cingulate cortex (pACC), a region densely networked with the amygdala and involved in regulating emotional behavior and physiological reactivity to stress (Gianaros et al., 2007) . As speculated previously, it is possible that dynamic regulatory functions supported by pACC-amygdala circuitry may be altered by developing in lower SES environments (Eisenberger, 2007; Gianaros et al., 2007) . To test this speculation, future work should use explicit emotion and stress regulation paradigms, as opposed to the passive emotional information processing paradigm employed here, in conjunction with computational connectivity methods to examine developmental socioeconomic-related variations in pACC-amygdala dynamics in association with possible risk for ill health.
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